From the Coronary Artery Surgery Study Registry, all patients undergoing initial bypass surgery procedures with independent vein grafts were identified. The 950 patients receiving an internal mammary artery bypass graft were compared with the 6027 patients receiving vein graft alone. Improved survival rates with internal mammary artery grafts were noted at hospitals in which these grafts were performed infrequently as well as those in which the internal mammary artery graft was used frequently. The improved survival was noted in patients with normal (p = .004) as well as impaired (p = .004) ventricular function, in men (p = .0001) as well as women (p = .005), in patients over age 65 (p = .01) as well as younger patients (p < .0001), and in those with (p = .05) or without (p < .0001) critical stenosis of the left main coronary artery. The internal mammary artery bypass graft was an independent predictor of survival (p = .0004) and reduced the risk of dying by a factoi of 0.64. It was concluded that the internal mammary artery graft is the bypass vessel of choice and should not be denied any subgroup. Circulation 77, No. 4, 815-819, 1988.
long-term clinical results as compared with the saphenous vein graft in single-institution follow-up studies at 10 years2 and at 15 years.3 The Coronary Artery Surgery Study (CASS) Registry gives an opportunity to evaluate the clinical follow-up of patients with internal mammary artery bypass grafts from many institutions, including some who used this conduit infrequently.
From 1974 to 1982, 10,121 patients enrolled in the CASS Registry from 15 participating centers (Appendix) underwent coronary artery bypass surgery and formed the basis of this analysis of the long-term benefits of the internal mammary artery bypass.
Methods
Patients were analyzed in two groups: 950 patients with a single internal mammary artery bypass graft with or without additional vein grafts and the 6027 patients with vein grafts alone. Only patients with independent grafts with a single anastomotic site were included. Excluded were patients undergoing repeat operations (n = 2262) or initial bypass with double internal mammary arteries (n = 23), sequential internal mammary arteries (n = 24), Y vein grafts (n = 406), and sequential vein grafts (n = 2429). All vein grafts were reversed autogenous saphenous veins. There were no internal mammary artery implants. The 15 clinical centers were subdivided into three groups according to the frequency of their use of the internal mammary artery bypass, and separate analyses of operative mortality rates and survival rates were determined. Follow-up was obtained by mail and phone interviews according to CASS protocol4 for up to 8 years (mean 5.5 years), with follow-up obtained in 99.5%.
Operative mortality was defined as death that occurred within 30 days of surgery. Coronary artery stenoses were considered significant in the presence of a luminal narrowing of at least 50% reduction in diameter in the left main coronary artery or at least 70% reduction in diameter of any other coronary artery segment. Significant stenosis of the left main coronary artery was considered double-vessel disease. The left ventricular score evaluated the contractility of the five segments of the left ventricle (anterobasal, anterolateral, apical, diaphragmatic, and posterobasal) as observed from the 30 degree right anterior oblique view during angiography. Contraction was coded as follows: normal, 1; moderate hypokinesis, 2; severe hypokinesis, 3; akinesis, 4; and dyskinesis, 5. The total number of points yielded the left ventricular score. Surgical priority was assessed by each center as elective, urgent, or emergent. Complete revasculari-815 zation was considered accomplished when all major vessels with significant stenosis were bypassed.
Statistical analysis. The factors characterizing patients who had internal mammary artery grafts and patients who had vein grafts were compared by discriminant analysis. The analysis was done separately for hospitals that used the internal mammary artery infrequently, occasionally, and frequently. Twenty-nine covariates were used initially with stepwise selection of variables, with the sample size restricted to patients with all covariate values known. To reduce the possibility of bias due to the restricted sample, the stepwise selection was repeated using only covariates with p > .10 in the initial run. These results are reported here. Long-term survival was compared between groups by the log-rank statistic. In our population, patients with internal mammary artery grafts generally required more grafts.
To adjust for the bias introduced by comparing patient groups with different graft requirements, each survival analysis was carried out within the strata determined by the number of grafts placed and pooled over the strata.5 All tests are two sided; p = .05 was considered to be statistically significant.
Results
The 15 clinical centers were subdivided into three groups according to the frequency of their use of the internal mammary artery bypass: group I consisted of eight sites performing 4343 operations but using the internal mammary artery bypass in only 1.1% of operations (range 0 to 3.4%); group II consisted of three sites performing 1145 operations, using the internal mammary artery bypass in 13% of operations (range 9 .7% to 14.5%); group III consisted of four sites performing 1489 operations, with the internal mammary artery bypass in 50.5% (range 30.4% to 66.2%) of these operations.
The operative mortality rates (table 1) were not significantly different when an internal mammary graft was used as compared with vein grafts only in either the total group or in the three subgroups. Thus the operative mortality rates were not increased when internal mammary artery grafts were used even by sites at which this form of bypass was rarely used. The 5 year cumulative survival rates (table 1) were better when an internal mammary artery bypass was used than with vein grafts only. The improved survival reached statistical significance in groups II and III but was not significant in group I, possibly because of the very low incidence of the internal mammary bypass. Review of selection criteria by the clinical centers (table 2) for patients with internal mammary artery bypass grafts did not reveal a consistent bias of the sites using the internal mammary bypass less frequently to select less ill patients for this bypass graft. Univariate analysis (table 3) showed that patients in the internal mammary group were younger, had less main coronary artery stenosis of 50% or more, had less impaired left ven- tricular function, but had more proximal left anterior descending disease and more multivessel disease and required more grafts. The prevalence of women was similar in both groups. Multivariate analysis (table 4) with a Cox regression model with covariates (age, left ventricular function, proximal left anterior descending stenosis, left main coronary artery stenosis, completeness of revascularization, sex, number of vessels diseased, surgical priority, and number of grafts placed) demonstrated that the use of an internal mammary artery graft was an independent predictor of survival (p < .0004) and reduced the risk of dying by a factor of 0.64. Cumulative survival rates over 7 years (table 5) were better in patients with an internal mammary artery graft both with normal or near-normal ventricular function (p = .004) as well as with impaired ventricular function (p = .004). The presence of an internal mammary artery graft was associated with improved survival in patients with left main coronary stenosis of 50% severity or greater (p = .051) as well as those with stenosis less than 50% (p < .0001). The improved survival rates with an internal mammary artery bypass graft were seen in women (p = .005) as well as men (p < .0001) and in the older (p = .01) as well as the younger patients (p < .0001).
Angina recurred in the first postoperative year in 27% of the group receiving vein grafts only and in 20% of those receiving at least one internal mammary artery graft (table 6). This significant difference decreased with time so that by 3 years of follow-up the recurrence rates no longer reached statistical significance.
Discussion
This study involving 15 clinical sites has shown that use of the internal mammary artery graft is an independent predictor of survival after coronary artery bypass surgery. The demonstrated reduction in risk of dying by a factor of 0.64 is remarkably similar to the previously reported findings of reduction in risk of dying by a factor of 0.622 and 0.65.3 This reduction in risk was noted in centers rarely using the internal mammary artery graft as well as in those commonly using this graft. There was no increased operative mortality rate associated with infrequent use of this graft. Thus benefit can be obtained by well-qualified surgeons relatively inexperienced with the internal mammary artery bypass graft. All surgeons associated with this study are considered well qualified, since all CASS participating centers were required to demonstrate highquality surgical experience.
Surgeons have been slow to change their selection of conduit to the internal mammary artery graft from the saphenous vein graft, with only 13% of surgeons in 1980 performing internal mammary artery grafts. 6 As recently as 1983, a major center7 in a review of bilateral internal mammary artery grafting concluded that the saphenous vein was the standard conduit for grafting but bilateral mammary artery grafts should be used when saphenous veins were unsuitable. Some early studies suggested that internal mammary artery flow would be inadequate for large coronary arteries8 9 as compared with saphenous veins, but subsequently the ability of the internal mammary artery to adjust to physiologic demands has been demonstrated.10 11 The internal mammary artery bypass takes longer to per- form and needs greater surgical expertise than the saphenous vein graft procedure. Consequently, many surgeons avoid using the internal mammary artery in unstable patients, in those with left main coronary artery stenosis, in elderly patients, and, due to small size, in women. In this study, an improvement in survival associated with the internal mammary artery graft was seen in patients with left main coronary stenosis greater than 50% with impaired ventricular function, in elderly patients, and in women. Recurrence of angina was less frequent in patients with the internal mammary artery graft for the first few years but decreased with time so that by 3 years there was no difference in the recurrence of angina between patients with the saphenous vein graft and those with the internal mammary artery graft. This lack of sustained benefit might be caused by progression of coronary artery disease or by failure of associated vein grafts. In addition, in view of the improved survival in the group with internal mammary grafts, this group probably included patients with angina who, if they had received only vein grafts, might not have survived long enough to be included in the subgroup with recurrent angina.
The internal mammary artery has been shown at post mortem examination12 to be remarkably free from atherosclerosis. Microscopic studies13' 14 have suggested that defects in the internal elastic lamina present in coronary arteries but not internal mammary arteries might be responsible for the marked disparity in arteriosclerosis between these vessels. The excellent longterm patency rate of internal mammary artery bypasses15, 16 and progressive failure rate of saphenous bypass grafts17 have been well documented from many centers. The internal mammary artery is most commonly anastomosed to the left anterior descending coronary artery and thus gives protection to the most 818 important area of the myocardium. The excellent longterm patency rate is undoubtedly the primary reason for improved surgical survival rates as compared with saphenous vein grafts.
New techniques with the internal mammary artery allow use of this bypass to all segments of the coronary arterial system, by in situ or free grafts and by single or sequential grafts. There will be broader use of this bypass as more surgeons gain expertise in these techniques. Surgeons should be encouraged by this study, which showed benefit to the patients receiving an internal mammary artery bypass at hospitals where this graft was used rarely as well as at those where the procedure was performed frequently. The internal mammary artery bypass graft should be included as a factor of survival when designing new studies or when comparing results among institutions or various therapies. The internal mammary artery bypass graft is the graft of choice for coronary artery disease and should not be denied any subgroup of patients.
